T A B L E O F C O N T E N

Main results
We identified 11 trials that enrolled 687 eyes of 679 participants. The studies were conducted in the United States, Europe, Asia and Africa. Five studies enrolled participants at low risk of trabeculectomy failure, five studies enrolled participants at high risk of failure, and one study enrolled people with both high and low risk of failure. None of the included trials enrolled participants with combined trabeculectomy/cataract surgery.
We considered one study to be at low risk of bias in all domains, six studies to be at high risk of bias in one or more domains, and the remaining four studies to be at an unclear risk of bias in all domains.
The risk of failure of trabeculectomy at one year after surgery was less in those participants who received MMC compared to those who received 5-FU, however the confidence intervals were wide and are compatible with no effect (risk ratio (RR) 0.54, 95% confidence interval (CI) 0.30 to 1.00; studies = 11; I 2 = 40%). There was no evidence for any difference between groups at high and low risk of failure (test for subgroup differences P = 0.69).
On average, people treated with MMC had lower intraocular pressure at one year (mean difference (MD) -3.05 mmHg, 95% CI -4.60 to -1.50), but the studies were inconsistent (I 2 = 52%). The size of the effect was greater in the high-risk group (MD -4.18 mmHg, 95% CI -6.73 to -1.64) compared to the low-risk group (MD -1.72 mmHg, 95% CI -3.28 to -0.16), but again the test for interaction was not statistically significant (P = 0.11).
Similar proportions of eyes treated with MMC lost 2 or more lines of visual acuity one year after surgery compared to 5-FU, but the confidence intervals were wide (RR 1.05, 95% CI 0.54 to 2.06).
Adverse events occurred relatively rarely, and estimates of effect were generally imprecise. There was some evidence for less epitheliopathy in the MMC group (RR 0.23, 95% CI 0.11 to 0.47) and less hyphaema in the MMC group (RR 0.62, 95% CI 0.42 to 0.91).
None of the studies reported quality of life.
Overall, we graded the quality of the evidence as low largely because of risk of bias in the included studies and imprecision in the estimate of effect.
Authors' conclusions
We found low-quality evidence that MMC may be more effective in achieving long-term lower intraocular pressure than 5-FU. Further comparative research on MMC and 5-FU is needed to enhance reliability and validity of the results shown in this review. Furthermore, the development of new agents that control postoperative scar tissue formation without side effects would be valuable and is justified by the results of this review.
P L A I N L A N G U A G E S U M M A R Y
Mitomycin C versus 5-Fluorouracil for wound healing in glaucoma surgery
Review question
Does mitomycin C (MMC) offer any advantage in comparison to as the antimetabolite used to augment glaucoma surgery (trabeculectomy)? Does MMC help to achieve lower rates of trabeculectomy failure than 5-FU at one year postoperatively?
Background
Raised intraocular pressure is a risk factor for glaucoma. One treatment option is glaucoma drainage surgery (trabeculectomy) to help lower intraocular pressure. Antimetabolites are medicines used during surgery to help reduce scarring after surgery during wound healing. If scarring occurs it can lead to treatment failure because the drainage channel no longer works. Two agents in common use are MMC and 5-FU.
Search date
The evidence is up to date to October 2015.
Study characteristics
We included 11 randomised controlled trials conducted in the United States, Europe, Asia and Africa in this review. In total, 687 eyes of 679 participants underwent routine trabeculectomy for glaucoma control. Some participants were at a higher risk of failure than others, for example if they had had previous glaucoma surgery, were of African origin, or if they had secondary glaucoma. Five studies enrolled participants at low risk of trabeculectomy failure, five studies enrolled participants at high risk of failure, and one study enrolled people with both high and low risk of failure. None of the included trials enrolled participants with combined trabeculectomy/cataract surgery.
Key results
Our review showed that the risk of failure of trabeculectomy at one year after surgery was slightly less in those participants treated with MMC compared to 5-FU. All of the included randomised controlled trials contributed to this result, with a mixed study population of high-and low-risk participants and varied methodology of antimetabolite application. We did not detect any significant differences between the subgroups of participants at low and high risk of failure, but the power of this analysis was low.
We identified no difference between the visual outcomes of the group that received MMC and the group that received 5-FU at one year postoperatively nor in the number of drops used postoperatively. However, we found evidence to suggest that MMC was more effective at lowering intraocular pressure than 5-FU in both high-and low-risk participants, achieving a lower mean intraocular pressure postoperatively than in those who were treated with 5-FU at one year. This effect seemed to be greater in the high-risk populations.
Evaluating the overall complications across all studies revealed a slight favour toward using MMC, particularly with the incidence of epitheliopathy and hyphaema. There was a trend towards bleb leaks, wound leaks, late hypotony and cataract formation in the MMCtreated group.
Quality of the evidence
We graded the quality of the evidence as low, mostly due to the risk of bias in the included studies. One bias we commonly encountered came from the different techniques of antimetabolite administration, making it difficult to conceal which medicine was being used. Furthermore, most studies only had a few complications to report, which meant that there were low numbers overall to include in the analysis of complications.
S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]
MMC compared to 5-FU for wound healing in glaucoma surgery 
B A C K G R O U N D Description of the condition
Glaucoma is a chronic, progressive optic neuropathy characterised by a progressive loss of ganglion cells that leads to a characteristic visual function loss. Intraocular pressure (IOP) is often considered to be a major risk factor for glaucoma, and it is the only factor that can be modified to try to change the course of the condition. The publication of a series of randomised controlled trials (RCTs) has established the evidence for treating glaucoma with IOP reduction (AGIS 1998; CNTGS 1998; Heijl 2002; Kass 2002; Maier 2005; Vass 2007 
Presentation and diagnosis
The diagnosis of glaucoma is made by the identification of a progressive optic neuropathy or a characteristic visual field defect. 
Description of the intervention
Treatment is usually initiated with topical treatment, and surgical options are considered if topical treatment fails to prevent progression of the disease. The trabeculectomy produces a guarded fistula between the anterior chamber and the subconjunctival space.
There have been numerous modifications since its first description (Cairns 1968) , including the use of antimetabolites to reduce fibroblast activity and postoperative scarring at the site of the scleral flap and the subconjunctival space.
How the intervention might work
Once trabeculectomy has been selected, the treatment decisions are whether to augment the surgery with antiscarring agents such as antimetabolites. Antimetabolites are applied to the surgical site to inhibit fibroblast activity and reduce postoperative scarring; the two agents commonly in use are mitomycin C (MMC) and . Due to reported side effects such as increased risk of bleb leak, hypotony and endophthalmitis (DeBry 2002) , there is concern that use of these agents should be restricted to high-risk cases only. A number of RCTs have reported the use of MMC (Andreanos 1997; Carlson 1997; Cohen 1996; Costa 1996; Martini 1997; Robin 1997; Shin 1995; Shin 1998; Wu 1996) . A Cochrane systematic review concluded that compared to placebo, MMC reduces mean IOP at 12 months in all groups of participants (Wilkins 2010). Apart from increase in cataract formation, there was insufficient power to detect any increase in other serious side effects. Postoperative 5-FU injections to augment trabeculectomy have also been assessed with RCTs (FFSSG 1989; Goldenfeld 1994; Ophir 1992; Ruderman 1987) , and also confer an improvement in IOP control at one year compared to placebo (Green 2014). Clinically, MMC and 5-FU can be applied intraoperatively on a sponge placed for one to five minutes between the conjunctiva and sclera at the start of the operation. Alternatively, 5-FU may be given as one or more postoperative subconjunctival injections. There is marked variation in the concentrations of both drugs used, the time of intraoperative application and the position and volume of postoperative injections.
Why it is important to do this review
The results of two Cochrane reviews comparing MMC, in Wilkins 2010, and 5-FU, in Green 2014, to placebo suggest a similar effect for the two agents in inhibiting scarring after trabeculectomy. However, there is no direct comparative evidence to influence which antimetabolite a surgeon should choose. The purpose of this review was to systematically summarise the RCTs in which MMC was compared to 5-FU in an attempt to clearly identify treatment benefits of one agent over the other.
O B J E C T I V E S
To assess the effects of MMC compared to 5-FU as an antimetabolite adjunct in trabeculectomy surgery.
Types of studies
We included RCTs where wound healing had been modified with one of the antimetabolites in one group of people undergoing trabeculectomy, compared to the other antimetabolite in the other group.
Types of participants
There were three separate subgroup populations:
• High risk of trabeculectomy failure: people with previous glaucoma or extracapsular cataract surgery, people of African origin and people with secondary glaucoma or congenital glaucoma.
• Medium risk of trabeculectomy failure: (combined surgery) people undergoing trabeculectomy with extracapsular cataract surgery.
• Low risk of trabeculectomy failure: (primary trabeculectomy): people who have received no previous surgical eye intervention. People who underwent previous laser procedures may be included in this group.
For the purpose of this review, there were no restrictions regarding age or gender.
Types of interventions
We included the following interventions:
1. Use of intraoperative MMC versus intraoperative 5-FU. 
Types of outcome measures Primary outcomes
The primary outcome was failure of a functioning trabeculectomy at one year from surgery (dichotomous). We used the following definitions:
• Success: adequate pressure control (< 22 mmHg) without additional treatment.
• Failure: need for repeat filtration surgery or uncontrolled IOP (= or > 22 mmHg).
Secondary outcomes
• Survival analysis (time to event) for the previously given definition of failure
• Mean IOP for each group at one year from surgery • Quality-of-life measures • Economic data
Adverse outcomes
Adverse events in either group with reference to choroidal detachment, hypotony and late endophthalmitis were reported. Adverse events were reported at any time during the follow-up period. We used the following definitions:
• Bleb leakage: presence of a positive Seidel test (visible aqueous flow with the tear film stained with fluorescein).
• Hypotony: IOP below 5 mmHg and/or associated with complications such as macular oedema and sight loss or choroidal detachments.
• Endophthalmitis: an infection of the globe contents that even with prompt aggressive treatment results in substantial loss of visual function. 
Search methods for identification of studies
Searching other resources
We searched the reference lists of identified trial reports to find additional trials. We contacted investigators as necessary to identify additional published and unpublished studies.
Data collection and analysis
Selection of studies
Three review authors (JC/EC/JE) independently reviewed the titles and abstracts resulting from the searches. We obtained full copies of any report referring to possibly or definitely relevant trials and assessed them according to the definitions in the Criteria for considering studies for this review section. We assessed only trials meeting these predefined criteria for methodological quality. We resolved any disagreements by discussion.
Data extraction and management
Three review authors (JC/EC/JE) independently extracted data with relation to the outcome measures outlined above. We resolved discrepancies by discussion. One review author entered the data into Review Manager (RevMan 2014), and the other review authors checked the data entry.
Assessment of risk of bias in included studies
Three review authors (JC/EC/JE) independently assessed risk of bias according to methods set out in Chapter 8 of the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 2011). We considered six domains: random sequence generation, allocation concealment, masking, incomplete outcome data, selective reporting and any other identified bias. We graded each domain as low risk of bias, high risk of bias, or unclear risk of bias. For example, in allocation concealment the grading was low risk if there was central randomisation of subjects, high risk if there was simple alternating methods used to allocate subjects and unclear if there was no real qualifying statement. We resolved disagreements by discussion. Review authors were not masked to trial details during the assessment. We excluded trials scoring 'high risk' on allocation concealment. In cases where missing or confusing data did not permit a clear grading of the trial, we contacted the study authors in order to obtain further information.
Measures of treatment effect
We measured the effect of dichotomous data by risk ratio; continuous data by difference in means; and time to event data by hazard ratio.
Unit of analysis issues
All studies were parallel-group RCTs. In the majority of studies, one eye per person was enrolled, and therefore there were no unit of analysis issues. In Lamping 1995, WuDunn 2002 and Xinyu 2001, both eyes of some participants were enrolled, but in most cases this was less than 10%, and overall less than 5% of the data would be affected by this. None of the trials took into account the potential correlation between eyes, and we have analysed the data from the trials as reported.
Dealing with missing data
We did an available case analysis. This assumes that data are missing at random. We assessed whether this assumption was reasonable by collecting data from each included trial on the number of participants excluded or lost to follow-up and reasons for loss to follow-up by treatment group, if reported. We collected this information as part of the assessment of attrition bias.
Assessment of heterogeneity
We examined the overall characteristics of the studies, in particular the types of participants and interventions, in order to assess the extent to which the studies were similar enough to make pooling study results sensible. We looked at the forest plot of study results to see how consistent the studies were, in particular looking at the size and direction of effects. We calculated I 2 , which is the percentage of the variability in effect estimates that is due to heterogeneity rather than sampling error (chance) (Higgins 2002). We considered I 2 values over 50% to indicate substantial inconsistency or heterogeneity. We also considered Chi 2 P values; when the number of studies was few we used P less than 0.1 to indicate statistical significance of the Chi 2 test.
Assessment of reporting biases
We planned to do a 'funnel plot' to investigate reporting (publication) bias, but there were not enough included trials (fewer than 10 in each meta-analysis) to make this possible.
Data synthesis
If there was inconsistency between individual study results such that a pooled result may not have been a good summary of the individual trial results, for example the effects were in different directions, or I 2 was greater than 50% and P less than 0.1, we did not pool the data but did describe the pattern of the individual study results. If I 2 was greater than 50%, but all the effect estimates were in the same direction such that a pooled estimate would seem to have provided a good summary of the individual trial results, we did pool the data. If there was inconsistency between individual study results such that a pooled result may not have been a good summary of the individual trial results, for example the effects were in different directions, or I 2 was greater than 50% and P less than 0.1, we did not pool the data but did describe the pattern of the individual study results. If I 2 was greater than 50%, but all the effect estimates were in the same direction such that a pooled estimate would have provided a good summary of the individual trial results, we did pool the data.
Subgroup analysis and investigation of heterogeneity
We compared the effect of intervention in a pre-planned analysis comparing effects in groups at high and low risk of failure.
Sensitivity analysis
We conducted sensitivity analyses to determine the impact of risk of bias on effect size. We repeated the analyses excluding trials at high risk of bias in one or more domains.
R E S U L T S Description of studies Results of the search
The electronic searches yielded a total of 446 references ( Figure  1 ). The Trials Search Co-ordinator scanned the search results, removed 58 duplicates and then removed 298 references that were not relevant to the scope of the review. We screened the remaining 90 reports and discarded 69 reports as not relevant. After assessing the reports, we identified a further two studies studies for potential inclusion in the review (Oh 1994; Uva 1996) . In total, we obtained 23 full-text reports for potential inclusion in the review. After consideration of each report, we included a total of 13 reports of 11 studies in the final review; see Characteristics of included studies and excluded seven studies; see Characteristics of excluded studies for reasons. We have categorised three studies as awaiting assessment, two of which we are unable to source copies of the reports and one is awaiting a response from the authors regarding information on methods of randomisation (Liu 2015). We included a total of 11 studies in this Cochrane Review and summarised them in the Characteristics of included studies. All 11 studies were designed as a prospective RCTs. One study in this review was a multicentre study (Singh 2000) ; the rest were singlecentre. 
Participants and sample sizes
In total, 687 eyes of 679 participants underwent routine trabeculectomy for glaucoma control. The smallest study was of 20 eyes of 20 participants (Zadok 1995) , and the largest study included 115 eyes of 103 people (WuDunn 2002) . Five studies included high-risk cases only (Katz 1995; Kitazawa 1991; Lamping 1995; Singh 1997; Sisto 2007) , one study enrolled both high-and low-risk cases (Xinyu 2001) , and the participants in the remaining five studies were low risk. Participants across the studies were a mixture of male and female; the percentage female ranged from 19% to 67%. The average age in the studies ranged from 47 years to 71 years, with a median average age of 62 years. One study had a significant age difference (P = 0.01), with a mean age of 41.2 in the MMC group and 54.2 in the 5-FU group (Kitazawa 1991).
Interventions
We have summarised the interventions in Table 1 . The majority of trials applied MMC using an intraoperative sponge; the exception was Mostafaei 2011, where 0.02mg MMC was applied by intraoperative subconjunctival injection. Subconjunctival application of MMC is not consistent with current practice (Dhingra 2009). The MMC dose given by intraoperative sponge varied between studies:
• Two studies used 0.5 mg/ml applied for 5 minutes, in Katz 1995, or 3.5 minutes, in Singh 1997.
• Three studies used 0.4 mg/ml applied for 5 minutes (Kitazawa 1991), 2.5 minutes (Lamping 1995), or 2 minutes (Singh 2000).
• Five studies used 0.2 mg/ml applied for 5 The method of administration of the 5-FU varied between studies: four studies used an intraoperative sponge technique similar to that of MMC application (Singh 1997; Singh 2000; Uva 1996; WuDunn 2002) , six trials used a series of postoperative subconjunctival injections (Katz 1995; Kitazawa 1991; Lamping 1995; Sisto 2007; Xinyu 2001; Zadok 1995) , and one study used intraoperative subconjunctival 5-FU 5 mg (Mostafaei 2011). All four studies with a group receiving intraoperative sponge-applied 5-FU used 50 mg/ml for 5 minutes, which is consistent with current practice (Dhingra 2009). Different dosing regimens were used for the postoperative injections.
• Four studies used 10 postoperative injections • daily for 1 week, 3 times the following week (Katz 1995);
• each day for 1 week, every other day for the following week (Kitazawa 1991);
• first 10 days (Lamping 1995);
• starting on day 7, 2 injections per week for 2 weeks and then 1 injection per week for 6 weeks (Sisto 2007).
• Two studies used approximately 7 postoperative injections • once daily up to 7 times in the first week after surgery (Zadok 1995);
• 6 to 8 (alternate days, starting on day 3) (Xinyu 2001)
Outcomes
All of the 11 included studies stated an optimal postoperative IOP to achieve in order to accept success: five studies used a level of below 21 mmHg as desirable (Kitazawa 1991; Singh 1997; Singh 2000; Sisto 2007; Zadok 1995) , two studies used equal to or less than 21 mmHg (Lamping 1995; WuDunn 2002) , two used equal to or less than 12 mmHg (Katz 1995; Uva 1996) , one used less than 21.06 mmHg (Xinyu 2001), and one study used 6 to 22 mmHg (Mostafaei 2011). Each study group reported their findings either as a percentage success or mean IOP.
Excluded studies
We excluded seven studies from the review: 
Risk of bias in included studies
See Figure The review authors individually assessed the risk of bias. If the relative point was addressed in a study's manuscript, then a true assessment of 'high' or 'low' risk was carried out. If we deemed the risk as unclear, then this indicated we could make no true assessment because the required information was not given either in the published manuscript or after making contact with the lead author.
Allocation
Five studies reported adequate methods to generate a random allocation sequence: Singh 1997 tossed a coin in the operating theatre to allocate participants; Uva 1996 used a table of random numbers; and the remaining three studies used computer-generated allocation sequences ( 
Blinding
In four of the included studies, 5-FU was administered using a different technique to that of MMC, and no report was given about whether or not the follow-up information was gathered from masked assessors. We classified all these studies as high risk of performance and detection bias (Katz 1995; Kitazawa 1991; Lamping 1995; Xinyu 2001) . In one study, the method of 5-FU administration was the same as for MMC, but information gathered in the follow-up period was not from masked assessors. We therefore classified this study as high risk (Singh 1997).
Two studies used different techniques for antimetabolite administration but assessors were masked during the follow-up period. We graded these two studies as low risk of performance and detection bias for the primary outcome of this review (Sisto 2007; Zadok 1995) .
Only one study used a placebo to mask allocation, which we graded as at low risk of perfomance and detection bias (WuDunn 2002). We graded the other three studies as unclear because the surgical administration of the antimetabolites was the same, but there was no mention of masking during follow-up (Mostafaei 2011; Singh 2000; Uva 1996).
Incomplete outcome data
Four studies did not comment on the exclusion or inclusion of participants in their analysis (Kitazawa 1991; Mostafaei 2011; Singh 1997; Xinyu 2001) ; we classified these as unclear risk. We classified the other seven studies as low risk as participants were clearly identified as included or not. No studies raised any concern over their intention to include or exclude participants.
Selective reporting
Singh 1997 did not specify in the methods of the paper what outcomes they considered, thus we cannot be certain that all the intended outcomes were addressed; we highlighted this as high risk. All other studies commented on all stated outcomes.
Other potential sources of bias
The only other sources of bias identified were that of postoperative care with regard to what other care or medications participants received and the varied amount of 5-FU a participant would receive with an incomplete postoperative regimen. This was highlighted in the study by Katz 1995. Other studies had no other clear identifiable bias.
Effects of interventions
See: Summary of findings for the main comparison MMC compared to 5-FU for wound healing in glaucoma surgery
Failure of a functioning trabeculectomy at one year from surgery (primary outcome)
All 11 studies reported failure of a functioning trabeculectomy at approximately one year, which was defined as IOP above (approximately) 22 mmHg or more (Analysis 1.1).
The risk of failure of trabeculectomy at one year after surgery was lower in those treated with MMC compared to 5-FU (risk ratio (RR) 0.54, 95% confidence interval (CI) 0.30 to 1.00; studies = 11; I 2 = 40%). However, the confidence intervals of the studies were wide, and we cannot exclude important differences. There was no evidence for any difference between groups at high and low risk of failure (test for subgroup differences P = 0.69), but with only a few trials in each group, the power of the analysis to detect any differences was low. The dose of MMC varied across the studies included in the review, and consequently we performed a dose-response analysis. We identified a trend showing that studies increasingly favoured the use of MMC rather than 5-FU as the intraoperative exposure to MMC increased (Analysis 1.2). Overall exposure was calculated by multiplying the concentration of MMC by the duration of exposure for each study. We then listed the studies in descending order of MMC exposure to view the overall effect. We excluded one study that administered the MMC by subconjunctival injection from this analysis. When considering the method of 5-FU administration as in Analysis 1.3, there was no significant effect on the overall outcome whether the 5-FU was administered by postoperative subconjunctival injections or by the more current method of intraoperative sponge application (subgroup difference P = 0.93)
Time to failure of functioning trabeculectomy
No trial reported this outcome.
Mean IOP one year from surgery
Seven studies reported mean IOP at 12 months (range 6 to 18 months). On average, people treated with MMC had lower IOP at one year (mean difference (MD) -3.05 mmHg, 95% CI -4.60 to -1.50) Analysis 1.4. There was inconsistency between trials (I 2 = 52%), the MD showing a large range in the studies. The size of the effect was greater in the high-risk group (MD -4.18 mmHg, 95% CI -6.73 to -1.64) compared to the low-risk group (MD -1.72 mmHg, 95% CI -3.28 to -0.16), but the test for interaction was not statistically significant (P = 0.11).
Postoperative use of antiglaucoma medications
Seven studies reported on the frequency of postoperative use of antiglaucoma medications. Similar proportions of people treated with MMC and 5-FU required postoperative medication to control pressure (RR 1.03, 95% CI 0.57 to 1.85) (Analysis 1.5). There was no evidence for any difference in effect between high-risk and low-risk groups (P = 0.88). The low-risk group trials were consistent (I 2 = 0%), but we saw different results in the three higherrisk group trials (I 2 = 74%). Four studies reported the mean number of antiglaucoma medications used. On average, people receiving MMC used fewer antiglaucoma medications (MD -0.33, 95% CI -0.70 to 0.05), but the effect was uncertain (CIs include 0.00), and the studies were inconsistent (I 2 = 71%) (Analysis 1.6). The inconsistency in the trials came from those with a higher risk of failure (I 2 = 62%). However, there was a difference between the trials including participants at high risk of failure and those including participants at low risk of failure with a greater relative effect of MMC in the higher-risk groups (test for interaction P = 0.06). The main caveat was that there were only two trials in each group of the analysis.
Reduction in visual acuity
Five studies reported postoperative visual acuity. The proportion of eyes treated with MMC that lost 2 or more lines of visual acuity one year after surgery was similar to that of 5-FU, but the CIs were wide (RR 1.05, 95% CI 0.54 to 2.06) Analysis 1.7.
Quality of life
Economic data
Adverse outcomes
Bleb leak
Two studies reported bleb leak as a complication encountered following trabeculectomy. Participants receiving MMC were more likely to have a postoperative bleb leak, although the CI was wide, and only two studies reported this outcome (RR 1.22, 95% CI 0.32 to 4.68; I 2 = 0%). Six studies used the term 'wound leak' rather than 'bleb leak' in their assessment of postoperative complications. These studies also showed, with similar statistics, that participants receiving MMC were more likely to have a postoperative wound leak than those receiving 5-FU, although the CI was wide (RR 1.17, 95% CI 0.51 to 2.71; I 2 = 0%).
Late hypotony
Five studies reported hypotony post-trabeculectomy. Participants receiving MMC were more likely to have postoperative hypotony compared to those participants who received 5-FU, however the effect was uncertain with wide CIs compatible with no effect or increased hypotony in the 5-FU group (RR 1.37, 95% CI 0.41 to 4.63; I 2 = 0%).
Maculopathy
Four studies reported maculopathy following trabeculectomy. Participants receiving MMC were more likely to encounter maculopathy postoperatively than those receiving 5-FU, but the effect was uncertain and CI compatible with no effect or increased maculopathy in the 5-FU group (RR 1.71, 95% CI 0.35 to 8.33; I 2 = 0%).
Cataract
Four studies reported the incidence of postoperative cataract development. Participants receiving MMC were more likely to develop cataract than those receiving 5-FU, but again the CIs include 1 (null effect) (RR 1.73, 95% CI 0.65 to 4.61; I 2 = 24%).
Shallow anterior chamber
Five studies noted postoperative shallowing of the anterior chamber. Those participants receiving MMC were more likely to present with a shallow anterior chamber than those who received 5-FU. The statistical analysis showed a wide CI (RR 1.22, 95% CI 0.67 to 2.21; I 2 = 0%).
Choroidal detachment
Nine studies (549 eyes) reported a choroidal detachment as a postoperative complication following trabeculectomy. Three studies (303 eyes) reported the same event as a 'suprachoroidal haemorrhage'. The former group of studies found no difference in the rate of events between those participants who received MMC and those who received 5-FU (RR 0.86, 95% CI 0.45 to 1.63; I 2 = 0%). The latter group of studies favoured those participants who received MMC, although the CI was wide (RR 0.73, 95% CI 0.09 to 5.66; I 2 = 18%).
Epitheliopathy
Nine studies (474 eyes) reported this complication following trabeculectomy. Those participants who received MMC were less likely to have an epitheliopathy following surgery than those who received 5-FU, which is most likely a result of the differences in the technique of antimetabolite application (RR 0.23, 95% CI 0.11 to 0.47; I 2 = 0%).
Tenon's cyst
Four studies (232 eyes) reported Tenon's cysts in their postoperative complication analysis. Those participants who received MMC were less likely to have a Tenon's cyst following surgery, although the CI was wide (RR 0.94, 95% CI 0.20 to 4.38; I 2 = 34%).
Hyphaema
Four studies (250 eyes) documented postoperative hyphaema during their follow-up of participants. Participants who received MMC were less likely to have a postoperative hyphaema than those who received 5-FU, which may be a consequence of antimetabolite application differences (RR 0.62, 95% CI 0.42 to 0.91; I 2 = 0%).
Endophthalmitis
Four studies (315 eyes) published rates of postoperative endophthalmitis. Participants receiving MMC were more likely to have endophthalmitis following trabeculectomy than those who received 5-FU. The CI was wide (RR 3.89, 95% CI 0.44 to 34.57; I 2 = 0%).
Sensitivity analyses (excluding studies at high risk of bias)
An interesting feature of these analyses was that the trials at high risk of bias were also the trials recruiting participants at high risk of failure. In general, excluding these studies improved the consistency (reduced I 2 ). Although the estimate of effect changed in these analyses, in general the conclusions (of uncertainty in most cases) did not. CI: confidence interval; MD: mean difference; RR: risk ratio * The trials at high risk of bias were also the trials of the subgroup at high risk of failure. ** Two trials with a high risk of failure and one trial with a low risk of failure were excluded.
D I S C U S S I O N
Summary of main results
We have summarised the results in the Summary of findings for the main comparison. We identified 11 trials conducted in the United States, Europe, Asia and Africa. Five studies enrolled participants at low risk of trabeculectomy failure, five studies enrolled participants at high risk of failure, and one study enrolled people with both high and low risk of failure. None of the included trials enrolled participants with combined trabeculectomy/cataract surgery. We considered one study to be at low risk of bias in all domains, six studies at high risk of bias in one or more domains, and the remaining four studies at an unclear risk of bias. Our review showed that the risk of failure of trabeculectomy at one year after surgery was lower in those participants treated with MMC compared to those treated with 5-FU. However, the estimate of effect was imprecise, and we cannot exclude important differences. All 11 RCTs contributed to this finding with an overall mixed study population and varied methodology of antimetabolite application. Although MMC appeared to have a greater success and more of an IOP-lowering effect in the higher-risk populations, we detected no significant difference between the subgroups of participants at low and high risk of failure in these analyses. We identified no difference between the visual outcomes of the people receiving MMC or 5-FU at one year postoperatively nor in the number of drops used postoperatively. Evaluation of postoperative complications showed that there was a higher incidence of epitheliopathy and hyphaema when using 5-FU compared to MMC. However, we found those participants who received MMC to have more reported bleb leaks, wound leaks, late hypotony and cataract formation than those who received 5-FU. The quality of the evidence was low given that in general adverse outcomes were rare, and hence estimates of effect were imprecise. Although there were trends, any real significance cannot be determined from this review alone. None of the studies reported quality of life.
Overall completeness and applicability of evidence
This review is limited owing to the small numbers of and large variability between studies, for example in participant demographics, methodology, masking of participants and varied follow-up. Some of the included studies had only 20 or 30 participants in their study population, which contrasts with the largest study, which had 115 participants. After many years of widespread use of antimetabolite agents, uncertainty remains about the relative benefits and harms of their use in trabeculectomy surgery. Newer agents and techniques may be developed and evaluated to then eventually take over the role of antimetabolites. The majority of studies were carried out in the United States, although we included studies from European, Asian, African and Middle Eastern countries. Two of the included papers, one in Chinese and one in Italian, were translated. The analysis has taken into account the risk of failure of each study population and reported the risk as high or low. This is important when interpreting the results in a clinical setting in order to reflect the practice population. However, results showed a similar trend between high-and low-risk participants, which perhaps may be due to the inclusion of poor-quality evidence as discussed.
Quality of the evidence
Overall, we graded the quality of the evidence as low, in most cases because of risk of bias in the included studies and imprecision in the estimate of effect. One commonly encountered bias came from the difficulty in masking participants and surgeons owing to the different techniques of antimetabolite administration. All studies included in the review were RCTs, but the variability in outcome reporting reduced the quality of the evidence for some outcomes. Each study group reported few complications, which subsequently led to small numbers being incorporated into the analysis of complications.
Potential biases in the review process
We identified no obvious bias from the review process.
Agreements and disagreements with other studies or reviews
Fendi 2013 completed a meta-analysis that showed significantly higher success rates with the use of MMC when compared with 5-FU. This analysis included only five studies with participants who had recieved previous surgical treatment. Lin 2012 found in an analysis of eight studies that MMC achieved a significantly lower postoperative IOP than 5-FU, but MMC and 5-FU were comparable in achieving success. Likewise, Abdu 2010 found similar results to both Lin 2012 and this review with little difference between the two antimetabolites at achieving success. Abdu 2010 also also found that there was no difference in the mean postoperative IOP between participants who received MMC and participants who received 5-FU and suggest that further research in this area would enhance results to determine any true superiority of either MMC or 5-FU.
A U T H O R S ' C O N C L U S I O N S Implications for practice
This review provided low-quality evidence that to achieve lower IOP following trabeculectomy MMC may be a more effective antimetabolite than 5-FU across both high-and low-risk populations. The risk associated with using either MMC or 5-FU as an antimetabolite in a routine trabeculectomy was low given the infrequent reporting of adverse outcomes.
Implications for research
Antimetabolites are a widely used adjunct in trabeculectomy surgery to help achieve lower postoperative IOP. However, the use of these medications may be associated with an increased risk of sight-threatening complications, predominantly due to the toxic effects on the conjunctiva and Tenon's capsule.
Further comparative research on MMC and 5-FU would be required to enhance reliability and validity of the results shown in this review. However, the development of newer, safer agents to control wound healing in glaucoma surgery may be of more benefit to patients in the longer term. These future agents would require full evaluation with well-designed trials to become integrated into clinical practice, particularly through the inclusion of trials with higher power to detect minimally important clinical differences and to consider cost and patient-orientated outcomes.
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C H A R A C T E R I S T I C S O F S T U D I E S
• younger than 18 years • Application: 10 postoperative injections (daily for 1 week, 3 times in following week)
• Dose: 5 mg • Location: subconjunctival All surgeries involved a limbus-based conjunctival flap. Scleral flap was closed by 10-0 nylon sutures. Postoperative topical steroids were used in all participants and tapered over several weeks. 4 surgeons were involved in the study • Application: 10 postoperative injections (each day for 1 week and every other day for the following week)
• Dose: 5 mg • Location: subconjunctival, 90 to 180 degrees away from the surgical site Following the trabeculectomy, 10-0 monofilament nylon suture was used for the scleral Kitazawa 1991 (Continued) flap, and 10-0 nylon shoelace suture was used for the conjunctival wound closure. Postoperatively 1.2 mg of dexamethasone was injected subconjunctivally. Topical atropine and antibiotics were given at the time of surgery. 0.1% betamethasone, 1% atropine sulfate and 0.3% ofloxacine were used as a standard for all participants postop • primary open-angle glaucoma uncontrolled with medication or laser therapy Exclusion criteria:
• previous ocular surgery • aged 60 years or more • had been on antiglaucoma medication for less than 3 years
Interventions
• MMC (15 eyes)
• Application: intraoperative sponge application • Dose: 0.2 mg/ml for 2 minutes • Location: between the sclera and the Tenon's capsule • 5-FU (15 eyes)
• Application: intraoperative sponge application • Dose: 50 mg/ml was applied for 5 minutes • Location: between the sclera and the Tenon's capsule Limbal flap was used that was closed with 10-0 nylon suture. 1% atropine, antibiotic and steroid was applied at the time of surgery. Conjunctiva was closed with 8-0 polyglactin synthetic suture 
